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IMPROVED FLUIDIZED BED REACTOR DESIGN 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention pertains in general to fluidized bed reactors and 
more particularly to fluidized bed reactors that can operate continuously even with 
a heavy residue yield. 

10 Background Information 

In the production of metals such as zirconium, hafnium and 
titanium by the Kroll reduction process, zircon and rutile sands are first chlorinated 
in the presence of carbon to produce gaseous zirconium, hafnium, titanium and 
silicon tetrachlorides, which metals are then reduced with, e.g., magnesium. The 

15 sands are typically chlorinated in the presence of carbon at temperatures greater 
than approximately 800 °C in fluidized bed reactors. Non-volatile compounds, and 
particularly calcium, yttrium, and sodium salts in the zircon and rutile sands, 
eventually build up in the chlorinators and create "sticky" bed conditions which 
inhibit fluidization. Thus, the residues in the chlorinators must be periodically 

20 removed. Existing production chlorinators operate in a semi-continuous mode 
where the temperature, pressure and material feed rate are maintained constant 
while the residual impurities from the feeds are left to accumulate in the fluidized 
bed reactors. The residue contains impurities, such as CaCl 2 and YC1 3 , which are 
in molten states at reactor operating conditions and, if left to accumulate in the 

25 bed, will freeze up the bed and eventually require reactor shutdown. During 
production, this occurs every two to four weeks. Each time about 3,000 pounds of 
residue, typically containing more than 95% coke, is pulled from the bed. This 
material is required to be disposed of as radioactive waste because of uranium and 
thorium which also occur in the ore. This operating mode not only hampers the 

30 productivity but also increases the waste of raw material and the amount of residue 
required to be disposed as radioactive material. In order to permit these 




chlorinators to operate in a truly continuous mode and avoid bed operational 
problems, the residue needs to be removed from the bed continuously. This is 
particularly difficult in current fluidized bed designs that employ an array of rocks, 
below the bed to diffuse and evenly distribute the gas that suspends and entrains 
5 the reactants. In chlorinators silica rocks are chosen as the diffuser because of the 
corrosive nature of the chlorine gas. On the other hand, the bed of rocks forms a 
trap for the collection of the sticky residue which readily clogs the flow channels 
that are intended to distribute and diffuse the chlorine gas. 

Accordingly, a new fluidized bed reactor design is desired with an 
10 improved gas distribution scheme that can suspend, entrain, and mix the reactants 
without forming an impediment to the collection and removal of process residue. 
Furthermore, such a design is desired that will facilitate the continual removal of 
the process residue. 

15 SUMMARY OF THE INVENTION 

These and other objects are achieved by this invention, employing 
an open and unrestricted fluidized bed within the reactor housing without any 
impediments to the collection and removal of the process residue. A central gas 
inlet is positioned proximate the bottom of the reaction zone of the fluidized bed 

20 reactor housing, for directing gas upwardly through the housing to maintain the 
raw materials in suspension. A plurality of peripheral gas jets are positioned at at 
least two elevations along the reactor housing, circumferentially around the 
housing at each of those elevations, that introduce gas at a defined angle to 
promote mixing of the entrained materials in suspension. In this way, the reactants 

25 are mixed in suspension without positioning a diffuser below the reaction zone. 
The bottom of the housing is funneled to a collection port to guide the residue 
under the force of gravity to an exit where the residue can be continuously 
extracted. 
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In a preferred embodiment, a gas sparger surrounds an upper 
portion of the collection zone and introduces the fluidizing gas to direct 
agglomerates below a predetermined weight back into the reaction zone to increase 
the efficiency of the process and minimize the residue. In this preferred 
5 embodiment, approximately 30% of the fluidizing gas is directed through the 
central gas stream, 5% through the sparger and 65% through the peripheral gas 
jets. Individual control of the peripheral gas jets provides operational flexibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 The invention as set forth in the claims will become more apparent 

by reading the following detailed description in conjunction with the accompanying 
drawing which shows a schematic view of the fluidized bed reactor of this 
invention. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This invention provides an improved fluidized bed chemical reactor 
which enables continuous off-flow of the desired end product of the reaction and 
continuous or batch on-line discharge of a residue byproduct of the process in a 
manner that enables the reactor to operate continuously without clogging the 

20 fluidized bed. While the preferred embodiment is illustrated in an application to a 
chlorinator, it should be appreciated that the fluidized bed reactor of this invention 
can be used to facilitate other chemical reactions, such as coal gasification or 
combustion processes. 

As previously mentioned, the carbochlorination of zircon sand 

25 (ZrSi0 4 ) is the first step of a lengthy and complex series of chemical processing 
steps to produce high purity zirconium metal. The carbochlorination, or crude 
chlorination, is carried out in a fluidized bed operated at 1000°C using coke and 
chlorine. Operation of prior art chlorinators in this application have essentially 
been semi-continuous. Periodically, the impurities from the ore are accumulated in 
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the fluidized bed and are disposed of as a radioactive waste. The accumulation of 
impurities in the bed clogs the bed and hampers the operation and lowers the 
efficiency of the reactor, and increases the disposal costs of the radioactive residue. 
In addition, to remove the residue the reactor has to be taken off-line. It is an 
5 object of this invention to convert this semi-continuous process into a continuous 
one that enables on-line removal of impurities as agglomerates. 

The residue of the process of the chlorination of zirconium ore 
contains impurities, such as CaCl 2 and YC1 3 , which are in molten states at the 
reactor operating conditions and, if left to accumulate in the bed, will freeze up the 

10 bed and eventually require reactor shutdown. The bed is typically supported by an 
array of rocks which are used to diffuse the chlorine gas which is employed to 
suspend, entrain and mix the combination of coke and zirconium ore, as it reacts 
with the suspended materials. 

One preferred embodiment to this invention is shown in Figure 1 

15 which shows a schematic view of the improved fluidized bed reactor of this 
invention. The major portion of the reactor 10 is contained within a cylindrical 
housing 12 that has an upper opening 1 1 through which the raw ingredients are fed 
and the final product is discharged. Alternately, the raw ingredients can be fed 
through the central tube 22. The reactor bed is defined by a conical diffuser plate 

20 16 that contains the reactants sand and coke 14. The bed terminates at its lower 
end in a cylindrical discharge tube 18 which includes a lower slanted wall 20 that 
funnels the residue to an outlet 32 at the lower end of the discharge tube 18. The 
discharge of the residue is facilitated by a screw or rotary feeder 34. Preferably 
the discharge can be accomplished continuously or it can be accomplished on-line 

25 as a batch process. 

As previously mentioned, the bed is operated at approximately 
1000°C and is heated by an induction heating system schematically shown by 
reference character 17. The conical diffuser 16 is preferably constructed out of 
graphite which facilitates the induction heating process and can withstand the 
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caustic nature of the chlorine gas. The remaining portions of the system 
interfacing with chlorine can be constructed out of stainless steel. 

Chlorine is introduced iito the fluidized bed reactor of this 
invention in three different ways. First, 
introduced through a primary inlet tube 



approximately 30% of the chlorine is 
which is centrally disposed along the 



axis of the reactor extending from below trie discharge conduit to the lower portion 
of the reactor bed. Secondly, approximately 5% of the chlorine is introduced 
through a sparger 30 which encircles the greater portion of the circumference of an 
upper portion of the residue discharge conduit or collection tube 18 below the 
housing 12. The sparger 30 introduces thi chlorine at a horizontal or preferably 
downward angle, e.g., 45°, to the horizontal to prevent particle sifting into the 
sparger. The downwardly directed gas from the sparger turns in the discharge 
tube in an upwardly direction towards the bed. The pressure drop through the 
sparger has to be at least thirty percent of thelpressure drop through the whole bed; 
that is the differential pressures measured between the bottom and top of the bed. 
The flow rate through the sparger is designed to provide a conducive fluidizing 
condition to allow segregation and passage of larger agglomerates while forcing the 
bed particles and finer agglomerates back into] the reaction region to minimize the 
overall residue. The presence of the sparger SO creates a separate fluidized bed in 
the discharge tube 18. Operation of the discharge tube 18 at a fluidizing velocity 
1.2 to 1.5 times the minimum fluidization velocity of the larger agglomerates to be 
separated will allow segregation and passage of the larger agglomerates for 
withdrawal. This is a well-known principle in fluidized bed operation. 

The lower portion of the housing 12 forms a plenum 28 which 
connects through an orifice plate 29 to gas conduits 26 which communicate with 
the gas orifices 24 within a distribution plate 16 at at least two spaced elevations 
and preferably three spaced elevations as shown in this embodiment. Though only 
shown on one side, for purposes of illustraiion, the orifices at each of the three 
elevations are spaced circumferentially aipund the distribution plate 16 and 
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preferably the jets at each of the elevations are not aligned. Approximately 65% of 
the chlorine is distributed uu-ough the orifices 24. In this embodiment there are 
four orifices positioned equiaistantly around the lower elevation of the distribution 
plate and eight orifices equiaistantly distributed around the distribution plate at 
each of the other two elevations^ Preferably, the orifice 24 direct the chlorine gas 
at a slight angle downward to tfie horizontal, e.g., 10°, to prevent sifting of the 
powder into the orifices. The orifices are sized and the gas flow from the orifices 
are designed to allow the orifice jets to penetrate to the middle of the reactor 12. 
The pressure drop through the orifices are at least 30% of that across the entire 
bed. Those orifice jets entrain powder and gas continuously and eventually 
degenerate into bubbles and promote intensive gas and solids mixing and 
contacting. This design is particularly effective for cohesive powders which cannot 
be fluidized conventionally. Individual control of each of the orifices 24, as 
figuratively represented by the controlled 27, to adjust flow, provides exceptional 
operational flexibility. Preferably, all the surfaces of the reactor that contact the 
gas are constructed from materials such as graphite as previously mentioned or 
stainless steel, that can withstand the corroswe characteristics of chlorine. Though 
the embodiment shown in Figure 1 identities the number of orifices and the 
number of jet elevations, the design will be different depending on the size of the 
chlorinator. In all cases, however, the design will follow the fluidization and 
gas/solids contacting principles described in this disclosure and will include at least 
two elevations of jets directing a fluidizing gas directly into the bed. 

A pilot reactor was designed for cold flow simulation of this 
invention. It was found that the large central jet 22 enhances the solid circulation 
and mixing inside the bed, and promotes a solid flow pattern conducive to 
agglomeration of impurities. The intensive solids mixing produced by the central 
jet 22 and the peripheral orifices 24 provides a more uniform temperature in the 
bed and improve production. In this test! the upper diameter of the bed was 
approximately 10 inches (25.4 centimeters) and narrowed at its conical lower 
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portion to 4 inches (10.2 ceritoieters). A 0.5 (1.27 centimeters) inch diameter 
graphite pipe was employed forme central jet 22 and the orifices in the distribution 
plate were located 2, 4 and 6 ^nches above the residue discharge conduit or 
collection tube 18 and were 0.0787y inches (2 millimeters) in diameter. The slope 
5 of the distribution plate 16 was approximately 70° to the horizontal. These relative 
dimensions can be employed to scale the design from a pilot model to a production 
reactor size. Accordingly, this invention enables a continuous reaction to be 
sustained within the fluidized bed without clogging of the bed and enables either 
continuous or on-line batch removal of the process residue. 

10 While specific embodiments of the invention have been described in 

detail, it will be appreciated by those skilled in the art that various modifications 
and alternatives to those details could be developed in light of the overall teachings 
of the disclosure. Accordingly, the particular arrangements disclosed are meant to 
be illustrative only and not limiting as to the scope of invention which is to be 

15 given the full breadth of the claims appended and any and all equivalents thereof. 



20 



25 



